Abstract: The aim of this study was to evaluate the incidence of coughing and breath holding in patients undergoing lumbar surgery extubated in prone position, supine position, or supine position with intravenous lidocaine before extubation. About 105 ASA I to II patients undergoing lumbar surgery were extubated in prone position in group P (n = 35), in supine position in group S (n = 35) and in supine position with intravenous 1.5 mg/kg lidocaine 10 minutes before extubation in group SL (n = 35). The number of patients who coughed and demonstrated breath holding was noted at emergence period. The time of loss of monitoring while repositioning the patient was recorded. The frequency of cough in group S was higher compared with group P at 1 minute after extubation (P = 0.008). Two and three minutes after extubation, the patients in group S demonstrated higher cough incidence compared with groups P and SL (P<0.05). The incidence of breath holding in the first 6 minutes was lower in group P (n = 11) compared with groups S (n = 29) and SL (n = 25)(P = 0.001). The loss of monitoring time was longer in groups S (62 ± 40 s) and SL (53 ± 39 s) when compared with group P (0 s) (P<0.01). Prone emergence and supine emergence with intravenous lidocaine provides an alternative approach to conventional supine emergence and prone extubation offers less cough and breath holding and continuation of monitoring.
C oughing during emergence from general anesthesia is an important and a common problem with an incidence of 6.6% to 94% that can result in potentially dangerous complications such as hypertension, cardiac dysrhythmias, myocardial ischemia, surgical bleeding, laryngospasm, and increased intraocular, intraabdominal, and intracranial pressure. 1 There are reports which demonstrate the postoperative cough suppressant effect of intravenous lidocaine. [2] [3] [4] Postoperative sore throat is another common distressing complication after general anesthesia, and the incidence varies from 14% to 90%. 5 Several factors contribute to postoperative coughing and sore throat, including patient factors (smoking history, age, weight, and gender), surgical factors (head-neck surgery, patient position, and presence of a nasogastric tube), anesthetic factors (duration of anesthesia, suxamethonium administration, number of attempts in intubation, and the use of humidification), and endotracheal tube (ETT) characteristics. 5 The response to tracheal extubation may be more severe and hazardous in high-risk patients (hypertension, coronary artery, and cerebrovascular disease); therefore, measures to prevent coughing and airway reactivity must be planned and applied before surgery.
Olympio et al 6 demonstrated that conventional supine emergence of patients undergoing prone lumbar surgery results in additional increases in tracheal irritation during head movement, such as coughing, hemodynamic changes, and loss of monitoring. According to the results of Olympio et al it seems reasonable to consider prone extubation after lumbar surgery to minimize the excessive tracheal irritation of the endotracheal tube while changing the position of the patient to supine position. On the other hand, prone extubation still remains controversial among most anesthetists because of the airway maintenance concerns.
We hypothesized that the use of intravenous lidocaine before endotracheal extubation in patients undergoing lumbar surgery can improve supine extubation conditions and provide similar extubation conditions to prone extubation. In this respect, the incidence of coughing and breath holding in patients undergoing lumbar surgery extubated in supine position, supine position with intravenous lidocaine, and prone position were investigated.
METHODS
After institutional ethics committee approval, and having obtained written informed consents, 105 American Society of Anesthesiologists (ASA) I to II physical status patients undergoing elective surgery for lumbar disc disease were included in the study. Patients who were considered to be at high risk for a difficult intubation, or who underwent multiple intubation attempts, patients with chronic cough, sore throat history, and reactive airway such as recent upper respiratory infection, chronic obstructive lung disease, hypertension, and who were treated with intravenous lidocaine within 2 days or patients on antihypertensive medication, b blocking agent regimen, and who were morbidly obese (body mass index >35 kg/m 2 ) were excluded from the study. No premedication was carried out. Routine monitoring, consisting of electrocardiogram , pulse oximetry, noninvasive blood pressure measurement, and end tidal CO 2 monitoring via capnography (after the initiation of endotracheal intubation) (Viridia CMS M1166A, Hewlett-Packard, Germany) was initiated. All patients were informed again about the procedure and assessment technique of coughing and sore throat before induction of anesthesia. Anesthesia was induced with intravenous sodium thiopental 6 mg/kg and fentanyl 1 mcg/kg. Ondansetron 4 mg was administered at the induction of anesthesia for prophylaxis of postoperative nausea and vomiting. Tracheal intubation was facilitated with vecuronium 0.1 mg/kg and general anesthesia was maintained with isoflurane 1% to 1.5% and 50% nitrous oxide in oxygen. Patients were intubated with high volume-low pressure reinforced ETTs. After endotracheal intubation, the ETT cuffs were inflated with enough air to prevent retrograde leakage at a tidal volume of 10 mL/kg. The retrograde leakage was investigated by direct percutanous auscultation of the larynx via a stethoscope. Every 30 minutes the same procedure was repeated to avoid excessive cuff pressure owing to diffusion of N 2 O into the cuff. The cuff pressure was not measured. The patients were rolled to a prone position onto a standard operating table and a pair of chest rolls was placed between the chest of the patient and the table. The head was positioned 451 to the side and supported by a rolled towel. The visibility of the eye, nose, mouth, and entrance of the endotracheal tube to the mouth were ensured. Minute ventilation was controlled and adjusted to maintain the end-tidal partial pressure of carbon dioxide at 30 to 40 mm Hg. Patients' mouths were suctioned 5 minutes before extubation.
A sealed envelope technique was used for randomization 10 minutes before the estimated end of surgery. Patients in group P (n = 35) were extubated in prone position, and patients in group S (n = 35) in supine position. Patients in group SL (n = 35) were given intravenous 1.5 mg/kg lidocaine 10 minutes before extubation and extubated in supine position. Patients in group S received 5 mL of 0.9% NaCl 10 minutes before extubation.
At the end of the surgery, the administration of inhalation anesthetics was terminated and neuromuscular blockade was antagonized with a combination of neostigmine (60 mcg/kg, max 5 mg) and atropine (15 mcg/kg). All the patients were extubated and examined till the end of the study by the same anesthesiologist, but according to the study design, blindness to the study groups could not be assured. Patients were extubated when they could breathe spontaneously, with complete reversal of neuromuscular blockade, and could open their eyes on verbal command. No physical stimulation was applied to the patients. All patients received oxygen 4 L/ min via face mask after extubation. Desaturation was defined as SpO 2 less than 90% and longer than 30 seconds. Number of patients who experienced desaturation was noted. Anesthesia time (start of anesthesia induction to termination of anesthetics), operating time (surgical incision to skin closure), and emergence time (termination of the anesthetics to first eye opening in response to command) were recorded. Before changing the patient's position from prone to supine, electrocardiogram, NIBP, and pulse oximeter cables were disconnected. The time of loss of monitoring while repositioning the patient into the supine position was recorded. The number of patients who coughed was also noted at extubation, after first 6 minutes and at 15 and 30 minutes. The numbers for the 15 and 30 minute evaluations represent the number of total coughs between the preceding evaluations. The total number of coughs for every patient during the study period was noted. Breath holding was defined as positive if patients held their breath for at least 20 seconds. A blinded observer to the study evaluated the presence of postoperative sore throat at 1 hour and 6 hours after extubation.
Heart rate and mean blood pressure measurements were noted before anesthesia induction (baseline), before extubation, every minute after extubation for 5, and for 15 and 30 minutes after extubation. Changes in mean blood pressure ( ± 20% change from the baseline measurements) during the operation were treated with intravenous remifentanil 1 mcg/kg or by increasing the fluid administration rate and adjusting the inhalation anesthetic concentration. The total dose of remifentanil used during the operation was noted.
All statistical analyses were performed with an IBM compatible personal computer using SPSS version 10.0 (SPSS Inc, Chicago, IL). A preliminary estimate of sample size of 35 patients per group, with type 1 error of 0.05 and type 2 error of 0.20, was based on an expected 25% difference in postoperative coughing incidence, based on a previous study about the incidence of postoperative coughing and sore throat. 1 Data were expressed as mean ± SD, median and interquartile range, percentage, and number of patients. Patients' characteristics were compared with 1-way analysis of variance (ANOVA) with post-hoc analysis and w 2 test. All hemodynamic data were analyzed with ANOVA for repeated measurements and paired Student t test with Bonferroni post-hoc test. The incidences of coughing, breath holding, and sore throat were analyzed with w 2 test and Fisher exact test where appropriate. The total number of coughs in the groups was analyzed with Kruskall-Wallis 1-way ANOVA and Mann-Whitney U test as the data did not normally distribute. A P value <0.05 was regarded as statistically significant.
RESULTS
The demographic data, duration of anesthesia, duration of surgery, emergence times, and total remifentanil consumption were similar in all groups (Table 1) .
Heart rate significantly increased at extubation and 1 minute after extubation compared with baseline values in all groups (P<0.05) (Fig. 1) . The systolic blood pressure measurements were found to be higher in group S when compared with other groups at extubation, and 1 and 2 minutes after extubation (P<0.05) (Fig. 2) . Similarly, in group S diastolic blood pressure was higher at extubation and 1 minute after extubation compared with other groups (P<0.05). In groups P and SL there was no change in systolic and diastolic blood pressure at measurement intervals compared with baseline values. In group S, systolic blood pressure increased when compared with baseline values at extubation, and 1 and 2 minutes after extubation (P<0.05). In group S, diastolic blood pressure increased when compared with baseline values at extubation and 1 minute after extubation (P<0.05).
The loss of monitoring time during the emergence period was longer in groups S (62 ± 40 s) and SL (53 ± 39 s) when compared with group P (0 s) (P<0.01).
The number of patients who coughed is presented in Figure 3 . The number of coughing patients was not significantly different in each group at extubation. The frequency of cough in group S was higher compared with group P at 1 minute after extubation (P = 0.008). Two and three minutes after extubation, the patients in group S demonstrated higher cough incidence compared with groups P and SL (P<0.01 and P<0.05). At the fourth minute of extubation, groups SL and S were similar for cough incidence but higher than group P (P<0.05 and P<0.01). Although there was no significant difference among groups at 30 minutes after extubation, patients in groups SL (n = 9) and S (n = 10) demonstrated higher rates of cough than those in group P (n = 3) (P = 0.065). The median of total number of coughs (median and interquartel range) in group P (0, 0 to 0) was found to be lower than group S (4, 0 to 12, P = 0.001) and group SL (0, 0 to 4, P = 0.05). The median of total number of coughs in group SL was lower than that in group S (P = 0.008).
No significant desaturation was observed in any of the groups. The incidence of breath holding in the first 6 minutes was lower in group P (n = 11) compared with groups S (n = 29) and SL (n = 25) (P = 0.001). There was a significant difference among groups with respect to sore throat at 1 and 6 hours postoperatively. Sore throat frequency in the first hour was higher in group S (n = 16) compared with groups P (n = 2, P<0.001) and SL (n = 4, P = 0.001). The sore throat frequency at the sixth hour was higher in groups S (n = 18) compared with groups P (n = 7, P = 0.07) and SL (n = 8, P = 0.013).
DISCUSSION
The results of this study demonstrate that prone position for emergence and extubation was superior to the supine position, and intravenously administered lidocaine given 10 minutes before extubation improved extubation conditions in supine position.
Emergence and extubation at prone position have been poorly described both in the literature and in standard textbooks. 6 The security of the airway was the major restrictive objective of prone extubation and emergence. However, Olympio et al, 6 with a very similar design, described a safe emergence and extubation profile at prone position in a limited number of patients. Patients with a difficult airway and obesity were excluded from the study. Olympio et al emphasized the importance of patient selection for prone extubation design. In our study, the patients who were morbidly obese and who had difficult airways were excluded from the study which may be the determining factor for the absence of severe airway problems. Patients were extubated in lighter phases of Values are mean ± SD and number of patients. Group P = extubation in prone position; group S = extubation in supine position, group SL = extubation in supine position and 4 lidocaine. general anesthesia and fully recovered neuromuscular blockade with spontaneous breathing. Furthermore, no physical stimulation was applied to force the emergence period. Patient selection, fully recovered neuromuscular blockade with spontaneous breathing, and not disturbing the patient with physical stimulation during emergence were the key factors for successful prone extubation. In our study, the hemodynamic response in terms of heart rate was found to be similar in all groups. All patients demonstrated higher heart rates at extubation and 1 minute after extubation, which is most likely due to emergence from anesthesia. Patients who were extubated in supine position demonstrated higher systolic and diastolic blood pressure values than the other groups. The reduction in hemodynamic response in prone patients may be a direct result of less irritation of patients' tracheas. Olympio et al 6 reported similar hemodynamic results in patients who were extubated in supine versus prone position. Lidocaine has been used at different stages of anesthesia induction and is known to be an effective adjuvant agent to blunt the cardiovascular response to intubation in normotensive patients. 7, 8 In our study, intravenous lidocaine administration 10 minutes before extubation prevented blood pressure increase observed in supine extubation and provided a similar blood pressure profile as prone extubation. The results of our study provide an alternative and new approach to conventional supine extubation in terms of alterations in blood pressure where the physician hesitates a prone extubation.
Coughing and airway reactivity during emergence from general anesthesia can result in potentially dangerous complications, such as hypertension, cardiac dysrythmias, myocardial ischemia, surgical bleeding, laryngospasm, and increased intraocular, intraabdominal, and intracranial pressure. 1 The main objective of this study was to evaluate the incidence of cough and airway reactivity in different extubation positions and investigate the impact of intravenous lidocaine on supine emergence. There were numerous studies about different medications and techniques to reduce coughing during emergence, such as deep extubation (removal of the endotracheal tube while the patient is in a deep plane of general anesthesia), 5, 9 topical, 1,10 intravenous 1-3 or intraendotracheal cuff lidocaine application, 1,11-13 acupuncture, 14 and intravenous magnesium. 15 On the other hand, the importance and the effects of different extubation techniques on airway reactivity have been poorly studied. Emergence and extubation at prone position offered the advantages of less coughing and less sore throat compared with conventional supine emergence; however, administration of lidocaine before extubation favors extubation conditions in conventional supine emergence. Airway reactivity and coughing at anesthesia emergence are thought to be due to excessive tracheal irritation by the endotracheal tube. Repositioning the patient from prone to supine position enhances this tracheal irritation and coughing incidence. 6 In the prone extubation group, the reduction of cough incidence in the first 4 minutes strongly supports this theory. Olympio et al found a much Values are number of patients. a, Group P (P = 0.002) versus group S. b, P = 0.001 groups P and SL versus group S. c, Groups P (P = 0.001) and SL (P = 0.015) versus group S. d, Groups S (P = 0.009) and SL (P = 0.017) versus group P. Group P = extubation in prone position, group S = extubation in supine position, group SL = extubation in supine position and IV lidocaine.
higher coughing incidence in the supine group compared with the prone group with a very similar study design. 6 Furthermore, the results of our study indicate that intravenous lidocaine favors extubation conditions in supine position by reducing cough and postoperative sore throat incidences. The local application of lidocaine to the tracheal mucosa reduces postoperative cough incidence and endotracheal tube-induced emergence phenomena. 1, 10, 13 There are also reports on the cough suppressant effect of intravenous lidocaine. 1, 2, 16 This effect has been shown to be in a dose-dependent manner, and Yukioka et al 2 have found the cough blocking dose of lidocaine to be 2 mg/kg. Thus, Soltani and Aghadavoudi 1 demonstrated a significant reduction in the frequency of postoperative cough and sore throat via intravenously administered 1 mg/kg lidocaine 5 minutes before extubation. Similarly, Koc¸et al 16 have found that the intravenous use of 1.5 mg/ kg lidocaine was effective to prevent important complications such as stridor and laryngospasm. In our study, we used 1.5 mg/kg lidocaine 10 minutes before extubation. On the other hand, we failed to demonstrate an improvement in the lidocaine-administered group compared with the supine-extubated group in terms of breath holding. This result may be due to the relatively lower dose of lidocaine used in our study when compared with the study of Yukioka et al. 2 Although we found the dose of lidocaine sufficient to suppress pharyngeal reflexes, different doses and methods of using lidocaine are the objectives of future studies. Intravenous lidocaine application provides a good alternative to prone position when prone extubation is considered to be risky or the physician is inexperienced or prejudged to prone extubation. One limitation of this study is that as plasma lidocaine levels during the emergence period were not studied. The plasma lidocaine levels were not studied as the dosage of lidocaine used in this study is within the therapeutic limits of lidocaine, and previous studies clearly demonstrated plasma lidocaine levels after different applications and dosages. 12, 13, 16 Monitoring vital functions during anesthesia and especially at emergence is undisputable. However, loss of monitoring while turning the patient to supine position is a common clinical problem. 6 Reconnection of the cables, reorganizing the monitors, and reassessment of the patients' vital signs are time-consuming procedures during a very important phase of anesthesia. In carefully selected patients, prone emergence provides calm and smooth extubation conditions and enables the anesthesiologist to focus only on the extubation procedure.
With the results of this study we have determined the safety of prone extubation in patients with no other coexisting diseases. This technique can be further studied in different patient populations, and safety features must be evaluated.
We conclude that prone emergence and supine emergence with intravenous lidocaine provide an optional approach to conventional supine emergence, and prone extubation offers less cough, additional hemodynamic stability, and continuation of monitoring.
